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p25-7 下胚轴伸长对生长素类似物 Picloram 及油菜素内酯 epibrassinolide (eBL)敏
感性降低，而对赤霉素(GA)表现出超敏感；且根的伸长对赤霉素也表现出超敏




（AT1G15550）。然后经测序发现该突变体在基因 GA3OX1 上第 1358bp 位处碱
基由 C 突变为 T，引起编码第 309 位谷氨酰胺的密码子变为终止子，从而使编码
蛋白质提前终止。 
基因 GA3OX1 突变造成了 p25-7 避荫缺陷，说明赤霉素对拟南芥避荫反应是
必需的。我们利用遮荫处理下全基因组转录组的数据，分析了已知的编码赤霉素
合成酶的基因的表达发现，遮荫处理诱导赤霉素合成基因 GA20OX1、GA20OX2









































Plants display strong morphological plasticity in response to various biotic and 
abiotic stresses. Shade avoidance response is a plastic response induced in the 
shade-avoiding species in response to shade. It is an important adaptive response that 
allows plants to compete for light when it is under or near vegetative shade. There is a 
reduction in the red to far-red ratio (R:FR) after light passes through canopy shade. 
Shade-avoiding species perceive this change in light and display increased 
enlongation of stems and petioles, increased leaf hyponasty, reduced branching, 
accelerated flowering and reduced chlorophyll content. These morphological changes 
are collectively termed as the Shade Aoidance Syndrome (SAS). We isolated a p25-7 
mutant that was defective in multiple shade avoidance responses. In this study, we 
characterized p25-7 and conducted map-based cloning to identify mutations in it.   
Compared with wild type Col-0, p25-7 had shorter hypocotyls under simulated 
shade and dark; p25-7 presented a shorter main root and less lateral roots in Wc; 
Adult p25-7 was smaller, more branchy, and displayed reduced apical dominance. 
Under simulated shade, hypocotyls of p25-7 showed reduced sensitive to auxin 
analogue picloram and epibrassinolide (eBL), but it was hypersensitive to GA; 
Meanwhile, root was also hypersensitive to GA; In summary, we speculated that 
p25-7 was gibberellin biosynthetic mutant. 
Genetic analysis revealed that the phenotypes were due to a recessive,  single 
recessive gene mutation. Through map-based cloning, we located the mutation onn 
chromsome 1 between T28K15 (4 MB) and T20H2 (6.99 MB). One GA synthetic 
gene GA3OX1 (AT1G15550) located in that region. We sequenced  GA3OX1 in 
p25-7 and found a C to T mutation, which converted Glu309 to a stop condon and 
encoded truncated GA3OX1.  
The jdentification of p25-7 as a shade avoidance mutant implied that GA was 















transcriptome data, and We found the GA biosynthetic genes GA20OX1、GA20OX2 
and GA3OX1 were up-regulated by shade. TAA1 (TRYPTOPHAN 
AMINOTRANSFERASE of ARABIDOPSIS 1) was a key gene of IAA biosynthesis. 
Shade-induced upregulation of GA20OX1、GA20OX2 was TAA1-dependent, but that 
of GA3OX1 was not, suggesting that shade regulated GA biosynthesis through at least 
two pathways. Shade avoidance was negatively regulated by PHYA. When R:FR ratio 
is smaller than 0.1, shade-induced hypocotyl enlongation was inhibited, which was 
mediated by PHYA. We found that the expression of GA3OX1 was suppressed in 
prolonged shand and strong shade in a PHYA-dependent manner, indicating that 
PHYA may downregulate shade avoidance by inhibiting GA biosynthesis Taken 
together, our study showed GA was required in shade avoidance response, and shade 
regulated gibberellin synthetase through multiple ways, thus controlled GA content 
and plant growth precisly. 
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成为研究领域的一个发展方向。许多研究人员展开了对避荫反应分子机制的研究。






感受蓝光和近紫外光区域的光[10]；UV-B 光受体，又称紫外线 B 类受体，感受紫
外线 B 区域的光[11, 12] ；吸收蓝绿光的 ZTLS 家族，主要感受蓝绿光[13]。光敏色
素 (phytochrome, PHY) 作为一类红光/远红光受体，广泛地存在于蓝细菌、低等




图 1-1 光受体激活和失活的有效光谱[16]  




















是由两个分子量在 120-127 KD 的多肽聚合而成。通过研究人们发现，光敏色素
主要以两种不同的形式存在，一种是红光吸收型（Pr 型），其最大吸收峰为 660 nm，
对红光敏感，且通常认为是无生理活性的；而另一种是吸收了红光由 Pr 变成的
Pfr 型，其最大吸收峰为 730 nm，有生理活性[17]，Pfr 型吸收远红光后又转化为
失活的 Pr 型。在不同 R:FR 比例的光条件下，两种形式光敏色素相互转化，处于





[20, 21]。其中 PHYB、PHYD 与 PHYE 的蛋白序列同源性较高，而且
PHYB 与 PHYD 的蛋白序列同源性达到了 80%[22]。另一分支 PHYA 与 PHYC 的
蛋白序列相似，但是 PHYA 却表现出了独一无二的光受体特性。依据光敏色素
对光的稳定性可以分为 I、II 两类：PHYA 属于 I 型不稳定型光敏色素，在黑暗
中生长的黄化幼苗中大量存在，当黄化组织暴露在光下时，PHYA 转换为不稳定
的 Pfr 型，在蛋白酶的作用下快速降解，同时 PHYA 的转录也减少。PHYA 主要
参与种子萌发和开花中的光周期反应。PHYB、C、D、E 属于 II 型稳定型光敏色
素，它们在光下是稳定的，在光下生长组织和黄化组织中几乎处于同样相对低的
水平，属于低水平组成型表达，其 Pfr 形式的蛋白是稳定的。 
1.1.1.2 光敏色素的作用与避荫反应 
在拟南芥五种光敏色素中，有文献报道 PHYA、PHYB、PHYD、PHYE 都
参与了避荫反应[23-26]，而 PHYC 还未发现参与了避荫反应的调控[27]。 
PHYB 是低 R:FR 诱导的避荫反应的主要调控光敏色素[28]。在白光条件下，
即在高 R:FR 处理下，phyB 突变体不能正常去黄化，且表现出持续避荫表型，
如下胚轴、茎、叶柄较长，叶绿体含量较低，提前开花及具较强的顶端优势等[29]，
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应的重要负调控因子。此外，与野生型相比，phyA 突变体在模拟遮荫条件下的
伸长生长更为显著，说明 PHYA 也对避荫反应起负调控作用[30]。phyD， phyE
的单基因突变体并没有显著表型，但是在 phyB突变体的背景下，双突变体与 phyB
突变体相比，出现节间和叶柄（phyD）较长，提前开花(phyE)等表型。因此 PHYD，
PHYE 是辅助性的负调控因子[26, 31]。 
光敏色素对避荫反应的的调控方式之一是与光敏色素作用因子









R:FR 比例来说明，R:FR 比例的定义为：波长为 660~665 nm 的光子辐射度（photon 
irradiance）与波长为 725~735 nm 的光子辐射度（photon irradiance）的比值[32]。
太阳光中 R:FR 比例依季节和天气变化大约在 1.15 左右，而经过绿色叶片后的光






















图 1-2 自然光环境光谱[16] 
Figure 1-2 The spectral photon irradiance of natural-light 
environments . 
All of spectra were measured by spectroradiometer (LI-1800; Li-Cor, 
Lincoln, NE) in Nara, Japan (May 2003, 15:00, fine weather). Unfiltered sunlight 
(Sunlight), the shadow of building (Shadow), sunlight transmitted through a 
green Pueraria lobata leaf and light brown P. lobata leaf (Autumnal leaf). 
 
R:FR 比例的降低，可以及早提示植物体对附近其它争夺光源的植物做出反
应，是诱导避荫反应最有效的信号。在遮荫条件下，光敏色素感知光中 R: FR 比
例的降低，进而引发避荫反应。 
1.1.3 低 R:FR 比例调控的基因 
通过分析模式生物拟南芥在模拟遮荫（低 R:FR）处理 1 和 24 小时后的全基
因组表达谱后可以发现，下游的许多基因的 mRNA 水平在植物在感受到低红光：
远红光信号后发生明显变化[33, 34]。 
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